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Abstract
It is known that a free neutron decays into a proton, an electron, and
an anti-neutrino. Interesting, recent attempts to measure the neutron’s
lifetime has led to two slightly different estimates: namely, the number of
decaying neutrons is somewhat larger than the number of newly created
protons. This difference is known as the neutron lifetime puzzle. A natural
explanation for this difference is that in some cases, a neutron decays not
into a proton, but into some other particle. If this explanation is true,
this implies that nuclei with a sufficiently large number of neutrons will
be unstable. Based on the observed difference between the two estimates
of the neutron lifetime, we can estimate the largest number of neutrons
in a stable nucleus to be between 80 and 128. The fact that the number
of neutrons (125) in the actual largest stable nucleus (lead) lies within
this interval can serve as an additional argument is favor of the current
explanation of the neutron lifetime puzzle.

1

Formulation of a Problem

Neutrons are unstable: reminder. Neutrons are one of the three main
non-zero-mass particles, the other two being protons and electrons. It is known
neutrons are unstable: if left on its own, a neutron n decomposes into a proton
p+ , a positron e− , and an anti-neutrino of electron type ν e :
n → p + + e− + ν e .

(1)

Neutron lifetime puzzle. It is known that the neutron’s lifetime (to be more
precise, half-time) is about 900 seconds. Recently, several experiments that
tried to measure this lifetime led to differing results. To be more precise, two
different types of experiments produce two somewhat different results (see, e.g.,
[3, 5, 6, 8, 10] and references therein):
1

• so-called bottle experiments count how the number of neutrons in a closed
trap (“bottle”) changes with time; these experiments consistently show a
lifetime of 879.0 ± 0.6 seconds [1, 7, 9, 11, 12, 14];
• other experiments – known as beam experiments – measure the number
of protons generated by trapped neutrons; these experiments consistently
show a different lifetime, of 888.0 ± 2.0 seconds [2, 17].
The resulting 9-second discrepancy between these two estimates is known as the
neutron lifetime puzzle.
Comment. Interestingly, a theoretical estimate for the neutron lifetime is 883.25
seconds (see, e.g., [5]) – which is almost exactly the arithmetic between the bottle
and the beam measurement results.
How accurately do we know this discrepancy. Each of the two experiments has an accuracy of about 1 second. Since these measurements are inde2
2
pendent, this means that the variance of the
√ difference is equal to 2.0 + 0.6 =
4.36 and thus, the standard deviation is 4.36 ≈ 2.1 seconds; see, e.g., [13].
Crudely speaking, this means that with high probability, the actual discrepancy
is in the “one sigma” interval between 9 − 2.1 = 6.9 and 9 + 2.1 = 11.1 seconds.
How neutron lifetime puzzle is explained now. The experiments show, in
effect, that during the same period of time, we lose a certain number of neutrons,
and gain a slightly smaller number of new protons. The difference between the
number of decayed neutrons and the number of new protons shows that in some
cases (to be more precise, in about 1% of the cases), the neutron decays not
following the equation (1), but in some other way, without generating a proton.
To be more precise, this percentage is approximately equal to
9
1
≈
883.5
98
and is most probably in between the values
6.9
1
≈
883.5
128
and
1
11.5
≈
.
883.5
80
Since no other massive products of the neutron decay have ever been observed, a natural conclusion is that this product interacts very weakly with the
usual matter. In other words, a natural conclusion is that this rare decay product constitutes what physicists call a dark matter – a matter whose interaction
with normal matter is very weak, so that we can only detect its presence either
directly by the mass difference or indirectly, by the difference between the gravitational fields in galaxies and the gravitation fields caused by the usual visible
matter; see, e.g., [5].
What we do in this paper. In this paper, we indicate a possible connection
between the neutron lifetime puzzle and the nuclear stability.
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Relation to Nuclear Stability

Brainstorming: neutron lifetime puzzle leads to nucleus instability.
Neutron lifetime describes free neutrons, neutrons that exist on their own, without a strong interaction with others. Most neutrons in the Universe, however,
are not free, they are part of nuclei. Such neutrons can (and do) decay according
to the equation (1), but in a nucleus, there is also an inverse process, when a
proton transforms backs into a neutron. With these two opposite reactions, the
nucleus remains in some equilibrium state, with the same number of neutrons.
The situation changes if we take into account that some neutrons decay not
into protons but into dark matter particles. Such particles practically do not
interact with the usual matter, as a result of which they rarely get transformed
back into neutrons. As a result, a nucleus becomes unstable – its number of
neutrons decreases.
Resulting estimate of the largest number of neutrons in a stable nucleus. Let p ≈ 1% be the proportion of cases in which a neutron decays into
a dark matter particle. This means, crudely speaking, that if we start with
a nucleus containing N neutrons, then p · N of them “disappear” – i.e., get
transformed into difficult-to-directly-observe dark matter.
To provide a more precise understanding of this process, we need to take
into account that the number of neutrons in a system is an integer. We cannot
lose 0.1 neutrons. Thus, the above instability effect only occurs when the above
effects causes at least one neutron to be lost, i.e., when p · N ≥ 1. So, instability
occurs when
1
N ≥ ≈ 100.
p
Hence, the largest possible number of neutrons Nst in a stable atom is equal
1
to the largest integer which is still smaller than . In other words, we have
p
Nst ≈

1
.
p

Based on the above estimate for p, we conclude that:
• the largest number of neutrons in a stable nucleus is approximately equal
to Nst ≈ 98, and
• most probably, thus number is in between 80 and 128: Nst ∈ [80, 128].
What is the actual largest number of neutrons in a stable nucleus.
Usually, the number of neutrons grow monotonically with the atomic weight.
Thus, to find the stable nucleus with the largest possible number of neutrons,
we should look for the stable nucleus with the largest possible atomic weight.
Such a nucleus is well known – it is the lead (Pb). Lead’s nucleus contains 125
neutrons.
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Interestingly, this value is within the interval [80, 128] obtained from the
nuclear lifetime puzzle.
Conclusion. It is known that a free neutron decays with time, generating
a proton, an electron, and an anti-neutrino. The problem is that different
experiments lead to somewhat different estimates of the neutron’s lifetime. This
difference is usually explained by the fact that a small (≈ 1%) proportion of the
neutrons decays not into protons, but into dark matter particles.
In real worlds, most neutrons are not free, they are a part of nuclei. Because
of the possibility of the dark-matter decay, nuclei with a large number of neutrons become unstable. Based on the difference between the two estimates of the
neutron lifetime, we can conclude that the largest number of neutrons in a stable nucleus is in between 80 and 128. The actual largest number of neutrons in
a stable nuclear is 125 (for lead), which is consistent with the neutron-lifetimebased interval.
This fact provides one more confirmation of the current explanation of the
neutron lifetime puzzle.
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